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Modern extinctions in the kilo-death range
For some groups of species, extinction rates are orders of
magnitude higher than expected background rates - many species
now last nearer a fateful second than their destined hour.
Are species going extinct at unusual rates, as many ecolo-
gists contend [1]? Or, as their tabloid critics suppose, are
these high rates another "doomsday myth" [2] and is it
"the facts not the species" [3] that are endangered? We
searched the recent compilation of data on global biodi-
versity [4] for well-documented extinctions. We excluded
birds, for we have documented their high rates of extinc-
tion elsewhere [5]. We excluded islands, because their high
extinction rates and the factors responsible for them may
not be typical of continental areas. And quite deliberately,
we sought diversity and recent, detailed publications.
Our five case histories, from diverse areas (Fig. 1), are
freshwater mussels and freshwater fish in North America,
mammals in Australia, plants in South Africa, and
amphibians worldwide. We shall first review these cases,
then point to some remarkable similarities between
them. In all five cases, the species have suffered recent
extinction rates in the 'kilo-death' range - three orders
of magnitude higher than the death rates that have been
estimated for geological species. Of course, we selected
these example for their high regional extinction rates.
Yet, even if these regions housed the only extinctions of
these species groups worldwide, they would yield unusu-
ally high global extinction rates. Our examples show that
human influences affect these species well beyond those
regions where human populations are dense and where
habitat destruction is the principal cause of extinction. In
each example, there is a high proportion of species that
are 'endemic' to the area defined: that is, they are found
there and nowhere else.
Flowering plants
The Cape Floristic Region, which occupies a small area
of the southern tip of Africa, is defined by a distinct and
unusual flora. The Region includes several vegetational
types, of which the fynbos is dominant in area and con-
tributes the most species. Of the -8500 species in the
Region, a remarkable -70% are endemic to it (C.
Hilton-Taylor, personal communication). Thirty-six
species have become extinct in the Region in the last
hundred years, and some 618 species are currently
deemed to be "at risk of extinction", the definition of
which is given in the legend to Figure 2 [6].
A recent book on the fynbos [7] identifies invading alien
plants - particularly Australian wattle trees - and the
conversion of natural areas to agriculture as the two
major causes of species extinction and endangerment. It
is the locally endemic species that are most vulnerable. As
a group, these are relatively fast maturing, essentially
weedy species of low stature, with ant-dispersed seeds.
Freshwater mussels and clams
Williams et al. [8] have assessed freshwater mussel and
clam species in the Mississippi and St. Lawrence river
Fig. 1. Diverse areas, all far from major human population centres, house many endangered species of fish and mussels (the Tennessee
valley, left), flowering plants (the South African fynbos, middle; photograph courtesy Craig Hilton-Taylor) and frogs (the Australian
rainforest, right).
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basins. Of the 297 North American taxa (281 species and
13 geographically distinct sub-species) of the two mollusc
families Unionidae and Margeritifidae, an estimated 21
have probably gone extinct since the end of the last cen-
tury. (We count recognized geographically distinct sub-
species in the total, as taxonomic uncertainties often raise
or lower their specific status.) Another 120 taxa are at
risk of extinction. The great majority of the freshwater
molluscs are endemic to the region [8].
Habitat modification has been the primary cause of
extinction in this case [8]. Mussel beds are lost by physi-
cal destruction, the destabilization of river bottoms and
the channelization and impoundment of almost all the
basins' major rivers. Poor farming practices have resulted
in run-off and enormous increases in the nutrients and
silt load of these waters. Also, the increase in sewage
effluent and urban run-off have produced a long-term
decline in water quality. Freshwater mussels are sessile,
filter-feeding organisms and so are extremely sensitive to
such changes. Furthermore, in their juvenile stages, most
mussels are parasitic on resident fishes, which are also
adversely affected by a decline in water quality. Another
threat is harvesting for use in the cultured pearl trade [9].
Brailing - using a net similar to a fishing trawl, but with
a wooden stick or bar to dislodge the mussels - destroys
large beds with relative ease. Finally, two introduced
freshwater mussel species, the Asian clam, Corbicula flu-
minea, and zebra mussel, Dreissena polymorpha, are rapidly
expanding their ranges in the region.
Freshwater fish
Miller et al. [9] have found that 40 taxa of freshwater fish
in the United States, Canada and Mexico have become
extinct in the last 100 years. There are -950 species of
freshwater fish in North America, and about 90% are
endemic to it [4]. Northern lakes, southern streams, wet-
lands, and desert spring and lake systems are very differ-
ent habitats, yet all have lost species.
The arid region of the southwestern North American
continent has lost most taxa (23), mainly from physical
habitat changes and introduced species. Most of the
species were from spring complexes: these habitats house
richly endemic faunas and are highly sensitive to distur-
bance. Currently, some 50 taxa of cyprinidae are at risk of
extinction, including 14 species that inhabit Nevada
spring systems and 14 species in the Colorado River sys-
tem. Impoundments, groundwater extraction, channeliza-
tion and irrigation schemes are reported as contributory
factors in 18 extinctions. Introduced species - from the
stocking of fish and bullfrogs for food, fish for sport, and
accidental aquarium releases - are also factors in 18
extinctions. Introductions cause extinctions through com-
petitive exclusion, predation or hybridization.
Freshwater fish of the southeastern states of the United
States provide another example where a high proportion
of species are endemic to the region and there is a high
concentration of threatened taxa. Etnier and Starnes [10]
have provided a lavishly illustrated account of the endan-
gered species in this region. They count 488 freshwater
fish taxa in the region, of which four have become
extinct and 80 are at risk. Increasing development and
chemical alteration of Appalachian and Cumberland
mountain streams pose serious threats to many species.
Australian mammals
Of the 60 species of mammals known to have become
extinct in the recent past, 18 were found only in
Australia [4]. Australia's non-marine mammal fauna now
comprises 282 species, of which 210 are endemic to the
continent. Short and Smith [11] have found that the
extinctions were equally divided between the southern
arid zone (a sparsely inhabited area of mostly spinifex
desert and extensive pastoralism), and the wheat belt of
the southern tip of Western Australia (where 95 % of the
natural woodland has been cleared). In contrast,
Australia's offshore islands have acted as vital last refuges
for species lost from the rest of the continent [12].
Rodents have been disproportionately hit by extinctions
in Australia, whereas bats have hardly been affected.
Overall, medium-sized, ground-dwelling mammals
weighing between 35g (large murids) and 5.5kg (small
wallabies) have been hit hardest, with arboreal species
(possums and gliders) and those that use rock piles for
shelter faring much better [12]. In addition to the 18
extinctions, a further 43 species of Australian mammals
have now been lost from >50% of their former ranges or
survive only on protected offshore islands [12].
Short and Smith [11] have suggested three causes for
mammal extinctions in Australia: the destruction and
fragmentation of natural habitats; competition and preda-
tion from introduced species; and recent anthropogenic
changes in the continent's fire regime. Domestic farm
animals may have destroyed vegetation cover and caused
extensive soil erosion and compaction, while rabbits have
acted as competitors for already declining food resources.
The introduction of the predatory red fox Vulpes vulpes in
the 1860s [12] may well have caused serious damage to
small mammal populations, even in remote areas. Foxes
are absent from the areas of the continent where the
fewest extinctions have occurred. Recent fox control
programmes are successfully halting the decline of some
small populations.
Global declines in Anurans
Of the -4000 anuran species (frogs and toads), only five
are thought to have become extinct in the last century.
Ecologists, however, have observed drastic population
declines and disappearances - yet to be classified as
extinctions - of many more species in the last 25 years.
Currently, 89 amphibian species are classified as at risk
[13]. As Phillips documents in her recent book [14],
what is puzzling is that the dramatic drops in numbers of
amphibians have been observed in at least 16 countries
on every continent (except Antarctica). Some of the
more striking examples include the recent disappearance
of the once thriving golden toad, Bufo periglenes, of the
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Monteverde Cloud Forest Reserve in Costa Rica, and
the 14-year absence of the unusual Australian gastric
brooding frog, Rheobatrachus silus. Similarly, several previ-
ously abundant species of the alpine ponds of the Rocky
Mountain National Park have recently disappeared.
These examples are startling because the areas are rela-
tively undisturbed. The declines cannot be attributed to
habitat destruction. The global nature of these declines
suggests a global cause. Pollutants, including pesticides
and acid precipitation, are possible causes of the declines.
Frogs, especially in cool climates, lay their eggs close to
the surface of ponds to keep them warm. Some ecolo-
gists attribute the declines in many frog populations to
depletion of the ozone layer and the consequent in-
creased levels of ultraviolet radiation that may be reaching
their eggs. Introduced fish populations may prey on
the frogs, or indirectly cause their decline by carrying
bacteria that are lethal to them.
Common patterns of extinction
These diverse case histories have much in common. First,
consider the rates of extinction using the background
rate from the fossil record for comparison. Species typi-
cally last 106-107 years [15], excluding the major extinc-
tion events such as that at the end of the Cretaceous. If
extinctions are independent, then there should be one
extinction per 106-107 species-years. Consider the case
of the North American freshwater molluscs as an exam-
ple. Divide the number of extinctions (21) into the
region's total number of taxa (297) times the number of
years over which the extinctions occurred (on the order
of 100). This yields a regional extinction rate of one
species per 1.4 x 103 species-years, about 103-104 times
higher than the background rate.
We selected this set of taxa because they seem to be suf-
fering a high rate of extinction. We can also use these
numbers to calculate an extremely conservative estimate
of the global rate of extinction, by supposing these were
the only extinctions worldwide. (They are far from it;
many other areas are losing species.) The global rate
divides the known extinctions per year by the worldwide
total (-1000) of species in the two mollusc families,
yielding a rate of roughly one species per 5 x 103 - a
value still 2 x 102-103 times higher than background
rates. Figure 2 shows that recent regional extinction rates
are often 103 times the highest estimates of background
rates and even highly conservative estimates of global
rates are usually 101-102 times above background.
Figure 2 also shows future rates to be even higher. We
can tentatively predict future rates of extinction by sup-
posing that the species currently at risk will become
extinct in the next 100 years if we are not diligent
in reversing current trends. Thus, for the molluscs we
estimate a future extinction rate in excess of 4 x 103-
104 times the background rate. This represents a
major increase in the future global extinction rate com-
pared with the past global extinction rate. Those who
Fig. 2. Regional extinction rates are typically three orders of mag-
nitude higher than background rates deduced from the fossil
record. Even if these extinctions were the only ones worldwide in
these taxa, the extinction rates would be two orders of magnitude
greater than background rates. Projected rates for the future are
higher still. (Data from [4,6,8,9,11,13,161 and C. Hilton-Taylor,
personal communication; global species totals are from [1,2,161).
Projected rates are based on those species considered to be 'at
risk' of extinction. In most cases, species 'at risk' represent the
combined numbers of species in the IUCN classification of
'endangered', 'rare' and 'vulnerable' categories [13].
suggest that high extinction rates are a 'myth' seem
curiously ignorant of the easily accessible literature on
the subject.
What causes extinction? Our reading of the five case
studies is that species, introductions and physical habitat
alterations are the highest-ranked, factors. Habitat loss is
widely thought to be the predominant cause of extinc-
tion [4]. What is surprising in these cases is that species
introduction so often ranks as the primary cause, as it
often does for island floras and faunas [4,5]. All these
cases demonstrate how much damage even small num-
bers of our species can cause, for in none of the areas is
the human density particularly high. Introduced species,
agriculture and dammed rivers cause extinctions well
beyond the main mass of humanity. The anuran declines
are even more alarming, suggesting the human impact
of pollution may reach everywhere. Elsewhere, quite
small numbers of people are responsible for the current
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deforestation of the Amazon basis [4], just as small num-
bers of Polynesians exterminated -10% of the world's
birds in the last 3000 years [5].
Are these examples special in some way? First, all five
studies involve species that generally have high reproduc-
tive rates. It is not just the species that recover only
slowly from the damage we inflict on them that are in
jeopardy. Second, all four of the regional studies involve
species groups that are rich in endemic species. Are areas
that are particularly rich in endemic species dispro-
portionately more threatened? The more species an
area contains, the more species there are to become
endangered or extinct. The high numbers of extinct and
endangered species in our examples may just reflect this
fact. Alternatively, the high evels of endemism may be
the key. A species widely distributed across many areas,
A,B,C..., will not be globally threatened by any threat
that descends upon, say, area C. One that lives only in C
will be. If many species are found only in C, then many
will be at risk. A further alternative is that species with
only small ranges may be disproportionately vulnerable.
Their geographic limitation may reflect some other spe-
cialization. Species X found only in area C may be more
prone to (global) extinction, than widely-distributed
species Y is prone to (local) extinction in area C.
These regional studies suggest an association between
high endemism and high extinction rate. They do not
suggest which of the alternative explanations is more
likely. Managers of biological diversity would be well
advised to find out.
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